Introduction
Harboring roughly 2-5 × 10 11 bacteria per gram of feces in humans, the intestinal tract embodies an incredibly complex biological ecosystem. This 'microbiome' includes microbes, their metabolites and degradative products, and their genomes. Receiving approximately 75% of its blood supply from the intestine via the portal circulation, the liver is thus continuously exposed to a wide repertoire of molecules, be they beneficial or noxious, from team science approaches and knowledge of the human microbiome, and GF animal models. What does seem increasingly clear is that the intestinal microbiome and the 'gut liver axis' are important in the maintenance of hepatobiliary health and in the pathogenesis of hepatobiliary diseases ( fig. 1 ). More specifically, perturbations in the intestinal microbiome may lead to the initiation of selected liver diseases and/or impact the features and progression of existing hepatic disease.
PSC is characterized by a cholestatic biochemical profile and multiple alternating strictures and dilatations classically involving the entire biliary tree. While the generally accepted etiopathogenesis paradigm invokes unclear host genetic and immunological factors associated with an undefined environmental insult, we recently proposed a new conceptual model for the pathogenesis of PSC, namely, the concept of cellular senescence, a replicative arrested but metabolically active state associated with progression to the senescence-associated secretory phenotype (SASP), the latter characterized by hypersecretion of fibro-inflammatory molecules leading to chronic inflammation, tissue dysfunction and fibrosis [8] . Briefly, the data supporting the importance of cholangiocyte senescence in the pathogenesis of PSC include: (1) increased expression of cholangiocyte p16 mRNA (a molecular marker of senescence); and increased expression of cholangiocyte SASP markers in PSC livers; and, (2) similar evidence of cholangiocyte senescence in the MDR2
-/-mouse model of PSC. Given the fact that we've also demonstrated in an in vitro model of cholangiocyte senescence that the microbial-derived molecule, LPS, can induce cholangiocyte senescence, we speculated that alterations in the intestinal microbiome might be associated with and relevant to the development of cholangiocyte senescence. Indeed, several lines of data suggesting the importance of the intestinal microbiota in PSC were already published and addressed as mentioned above.
With this in mind, we began a series of experiments to directly test the hypothesis that the intestinal microbiome could influence disease progression in an animal model of PSC, the MDR2 -/-mouse [7] . Our approach involved assessing the MDR2 -/-phenotype in two subgroups of mice; that is, conventionally housed (CH) MDR2 -/-mice and GF MDR2 -/-mice. The data that we recently reported demonstrated the following major results: (1) the GF MDR2 -/-mice demonstrated significantly more severe serum biochemical abnormalities than the CH mice; (2) the GF MDR2 -/-mice exhibited significantly more hepatic fibrosis, ductular reaction and ductopenia compared to the CH MDR2 -/-mice; (3) the cholangiocyte microenvironment in the GF MDR2 -/-mouse was characterized by increased numbers of neutrophils and macrophages compared to the CH MDR2 -/-mouse; and (4) cholangiocyte senescence was increased in the GF MDR2 -/-mice relative to the CH mice. This work was accompanied by an editorial that stated 'This article is likely to set a flurry of studies to further address the role of microbiota in PSC, which may eventually lead to novel therapeutic avenues for treating this disease' [9] . Fig. 1 . The gut liver axis is influenced by multiple factors. Broadly, liver and intestinal homeostasis is influenced by the genome, the environment, and the microbiome. While our current understanding of this dynamic is incomplete, exciting insights continue to support this complex network in the initiation and/or progression of liver disease. All of these data are consistent with the hypothesis that the intestinal microbiome and cholangiocyte senescence are both likely important in the pathogenesis of PSC. We propose that the balance of hepatobiliary health and disease is directly influenced by microbe-derived cytoprotective and cytodestructive molecules including exogenous (e.g., short chain fatty acids) and endogenous (e.g., bile acids) metabolic products as well as microbe-associated molecules (e.g. LPS). The molecules and signaling pathways that may link cholangiocyte senescence and the intestinal microbiome are under active investigation ( fig. 2 ).
